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1-H (54) Title: WATER RESISTANT INK JET PRINTABLE SHEET 

o 

£2 (57) Abstract: A water resistant coating composition for ink jet recordable substrates having a pH of less than 7, which includes: (a) 
an aqueous polyurethane dispersion; and (b) an aqueous solution of a nitrogen containing polymeric dye fixative compound. When 
applied to a suitable substrate, the coating composition allows for the recording of sharp, waterfast images. A coated ink recordable 
substrate is also disclosed, which includes a substrate having at least one side and at least one side of the substrate has a coating layer 
^ derived from the above described coating composition. 
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WATER RESISTANT INK JET PRINTABLE SHEET 

BACKGROUND OF THE INVENTION 
The present invention is directed to an ink jet 
5 recordable substrate. In particular , the present invention 
relates to a water-resistant, coated, ink jet recordable 
substrate. This application is a conversion of United States 
Provisional Patent Application having Serial No. 60/309, 348, 
filed on August 1, 2001. 

10 It is known in the art to size paper with sizing 

components for the purpose of retarding or preventing 
penetration of liquids into the structure. "Internal sizing" 
consists of introducing sizing materials into the pulp during 
the paper making operation. The sizing materials are 

15 precipitated onto the fibers primarily for the purpose of 

controlling penetration of liquids into the final dry paper. 
"Surface sizing" involves the application of dispersions of 
film- forming substances such as converted starches, gums, and 
modified polymers, to previously formed paper. Surface sizing 

20 imparts strength to the paper. 

The use of sized paper to print with an ink jet printer 
containing predominantly water-based inks may yield imaged 
papers which have a tendency to curl into tubes. The use of 
un-sized paper may result migration of the image through the 

25 sheet and interference with the image on the other side, if 
one side of the imaged sheet comes into contact with water,. 

Various attempts have been made in the art to overcome 
the forgoing problems. For example, United States Patent 
5,709,976 discloses a paper substrate coated with a 

30 hydrophobic barrier layer and an image receiving layer. The 

hydrophobic barrier layer is coated on both sides of the paper 
and includes a water insoluble^ component and a water or 
alcohol soluble anti-curl agent. United States Patent 
6,140,412 teaches a process for coating paper with an aqueous 

35 cationic polyurethane resin solution. Japanese Patent (JP) 
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9 

11216945 discloses a process for coating paper with a 
composition that includes polyvinylpyrrolidone, a polyurethane 
resin emulsion, polyvinyl alcohol and a cationic resin. 

United States Patents 4,861,644 and 5,196,262 disclose a 

5 microporous material sheet which includes a matrix of linear 
ultrahigh molecular weight polyolefin, a large proportion of 
finely divided water-insoluble siliceous filler, and 
interconnecting pores. U.S. Patent No. 6,025,068 teaches a 
method of coating a microporous polyolefin substrate with a 

10 coating composition which includes a binder dissolved or 
dispersed in a volatile aqueous liquid medium. The binder 
includes a film-forming organic polymer of a water-soluble 
poly (ethylene oxide) and a water-soluble or water-dispersible 
crosslinkable urethane-acrylate hybrid polymer. 

15 Another coating composition for ink jet recording 

materials is disclosed in Japanese Patent (JP) 2001-184881. 
This reference discloses a coating composition that includes a 
noiiionic or anionic polyurethane and the reaction product of a 
monomeric secondary amine and epichlorohydrin . Japanese 

20 Patents (JP) 11268406 and (JP) 2000153667 disclose cationic 
polyurethanes that are useful in waterproofing coatings for 
ink jet printing substrates. 

There remains a need for an ink jet recording medium that 
is durable, water-resistant and able to record sharp images 

25 when an ink jet printing ink is applied thereto. 

SUMMARY OF THE INVENTION 
The present invention is directed to a water-resistant 
coating composition for an ink jet recordable substrate. The 
30 coating composition has a pH of less than 7 and includes: 

(a) an aqueous polyurethane dispersion; and 

(b) an aqueous solution of a cationic nitrogen- 
containing polymeric dye fixative compound. 
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The present invention is also directed to a method of 
coating an ink jet recordable substrate in which the above- 
defined coating composition is applied to the substrate. 

The present invention is further directed to an ink jet 
5 recordable substrate wherein at least one side of the 

substrate has a coating layer of the above-described coating 
composition. 

DETAILED DESCRIP TION OF THE INVENTION 
10 Unless otherwise indicated, all numbers or expressions 

referring to quantities of ingredients, reaction conditions, 
etc. used herein are to be understood as modified in all / 
instances by the term "about." 

Unless otherwise indicated, all references to 
15 (meth) acrylic, (meth) acrylate and (meth) acrylamide monomers is 
meant to include both the methacrylic and acrylic species. 

Various numerical ranges are disclosed in this patent 
application. Because these ranges are continuous, they 
include every value between the minimum and maximum values. 
20 Unless expressly indicated otherwise, the various numerical 
ranges specified in this application are approximations. 

The coating composition of the present invention includes 
an aqueous polyurethane dispersion and an aqueous solution of 
a cationic nitrogen-containing polymeric dye fixative 
25 compound . 

Suitable aqueous polyurethane dispersions for use in the 
present invention include any known water-dispersible nonionic 
polyure thanes, anionic polyure thanes, cationic polyurethanes, 
and mixtures thereof. 

30 The mixing of an anionic polymer and a cationic polymer 

typically results in a polysalt which is often insoluble in 
water and other solvents. In the present invention, it has 
been surprisingly found that the addition of an aqueous 
solution of a cationic nitrogen-containing polymer to an 

35 aqueous anionic polyurethane dispersion results in a stable 
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dispersion which is useful as a coating composition for an ink 
jet recordable substrate. However, a reversal in the order of 
addition such that the anionic polyurethane dispersion is 
added to the aqueous solution of a cationic nitrogen- 
_5 _ containing polymer , results in the formation and precipitation 
of a polysalt from the aqueous solution. 

An aqueous dispersion of an anionic polyurethane resin 
for use in the invention comprises particles of an anionic 
polyurethane polymer dispersed in an aqueous medium. The 
10 polyurethane polymer has at least one pendent acid group which 
may be neutralized in the presence of a base to form anionic 
group(s), which stabilize the dispersion. 

The anionic polyurethane for use in the invention may be 
prepared by a method known in the art. For example, the 
15 reaction of (i) a polyisocyanate, (ii) a polyol, (iii) a 

compound having an acid group, and optionally (iv) a chain- 
extending compound such as a polyamine or hydrazine, produces 
a suitable anionic polyurethane. As used herein and the 
claims, "polyisocyanate" refers to a compound having more than 
20 one isocyanate group. Examples of suitable polyisocyanates 

for use in the present invention include diisocyanates such as 
toluene diisocyanate, hexamethylene diisocyanate, isophorone 
diisocyanate and dicyclohexyl methane diisocyanate; three or 
more functional isocyanates which may be the reaction products 
25 of diisocyanates with polyols such as trimethylol propane, 

glycerol and pentaerythritol . Suitable polyisocyanates for use 
in the invention are commercially available from Bayer 
Corporation under the tradename Desmodur. 

As used herein and the claims, "polyol" refers to a 
30 compound with more than one hydroxyl group. Examples of 
suitable polyols are simple polyols such as those used to 
prepare polyisocyanate, polyester polyols and polyether 
polyols. 

The anionic polyurethane for use in the present invention 
35 may include an acid group such as a carboxylic acid or 
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sulfonic acid group and two groups , which can react with 
either a polyisocyanate or a polyol. An example of a group, 
which may react with a polyol, is an isocyanate group. 
Examples of groups which may react with a polyisocyanate 

5 include hydroxyl groups and amine groups. An example of a 
compound having two hydroxyl groups and an acid group is 
dimethylol propr ionic acid. An example of a polyamine includes 
ethylene diamine/ isophorone diamine or diethylene triamine. 
The anionic polyurethane dispersion for use in the 

10 invention is dispersed using a base which ionizes the acidic 
group (s) on the polymer and stabilizes the dispersion. The 
base may include any known inorganic base, ammonia or an / 
amine . 

The (i) polyisocyanate, (ii) the compound having an acid 

15 group, and (iii) the polyol may be reacted in the presence of 
an organic solvent to form an isocyante-terminated prepolymer. 
Suitable organic solvents include n-methyl pyrrolidone, 
tetrahydrofuran or a glycol ether. The isocyanate-terminated 
prepolymer may be dispersed in water in the presence of a 

20 base, and then chain extended by adding the polyamine. In an 
embodiment, the prepolymer is chain extended in an organic 
solvent solution and then the polyurethane polymer is 
dispersed in water in the presence of the base. 

Suitable anionic polyurethanes for use in the present 

25 invention include anionic polyurethanes based on aromatic 
polyether polyurethanes, aliphatic polyether polyurethanes, 
aromatic polyester polyurethanes, aliphatic polyester 
polyurethanes, aromatic polycaprolactam polyurethanes, and/or 
aliphatic polycaprolactam polyurethanes. An anionic 

30 polyurethane dispersion for use in the present invention is 
commercially available from Crompton Corporation under the 
tradename WitcoBond®. 

i 

The aqueous anionic polyurethane dispersion of the 
coating composition contains up to 70 wt.%, or up to 65 wt.%, 
35 or up to 60 wt.%, or up to 50 wt.% of the anionic 
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polyurethane. The aqueous anionic polyurethane dispersion 
includes at least 1 wt.%, or at least 5 wt.%, or at least 10 
wt.%, or at least 20 wt.% of the anionic polyurethane. The 
amount of anionic polyurethane in the aqueous anionic 
5 polyurethane dispersion is not critical. In general/ the 

amount should not be so high as to cause the dispersion itself 
or the mixture with the nitrogen-containing polymer to be 
unstable, or so low that the coating composition does not 
provide sufficient water and rub resistance or that the 

10 dispersion itself becomes unstable. The anionic polyurethane 
may be present in the aqueous anionic polyurethane dispersion 
in any range of values inclusive of those stated above. 

The cationic polyurethane dispersion for use in the 
present invention may include a known water-dispersible 

15 cationic polyurethane. Suitable cationic polyurethanes are 
available commercially from Crompton Corporation under the 
tradename Witcobond, for example, Witcobond W-213 and W-215 
formulations . 

The cationic polyurethane may be prepared by a method 
20 known in the art. United States Patent 3,470,310 discloses 

the preparation of a water dispersion of a polyurethane which 
contains salt-type groups bonded into the polyurethane. United 
States Patent 3,873,484 discloses an aqueous dispersion of a 
polyurethane prepared from quaternized polyurethane prepolymer 
25 prepared by reacting an alkoxylated diol, an N-alkyl 

dialkanolamine, an organic diisocyanate and quaternizing with 
a dialkyl sulfate quaternizing agent. United States Patent 
6,221,954 teaches a method for making a polyurethane 
prepolymer in which a N-monoalkanol tertiary amine is reacted 
30 with an alkylene oxide in the presence of a strong acid to 
form a polyol salt, which is further reacted with an excess 
amount of an organic polyisocyanate and chain extended with an 
active hydrogen-containing compound. These references are 
herein incorporated by reference. 
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The aqueous cationic polyurethane dispersion for use in 
the present invention contains up to 70 wt.%, or up to 65 
wt.%, or up to 60 wt.%, or up to 50 wt.% of the cationic 
polyurethane. The aqueous cationic polyurethane dispersion 
5 includes at least 1 wt.%, or at least 5 wt.%, or at least 10 
wt.%, or at least 20 wt.% of the cationic polyurethane. The 
amount of cationic polyurethane in the aqueous cationic 
polyurethane dispersion is not critical. In general, the 
amount should not be so high as to cause the dispersion itself 
10 or the mixture with the nitrogen-containing polymer to be 
unstable, or so low that the coating composition does not 
provide sufficient water and rub resistance or that the , 
dispersion itself becomes unstable. The cationic polyurethane 
may be present in the aqueous cationic polyurethane dispersion 
15 in any range of values inclusive of those stated above. 

The nonionic polyurethane dispersion for use in the 
present invention may include a known water-dispersible 
nonionic polyurethane. Suitable cationic polyurethanes are 
available commercially from Crompton Corporation under the 
20 tradename Witcobond, for example, Witcobond W-230 formulation. 

The nonionic polyurethane may be prepared by a method 
known in the art. For example, Szycher (i.e., "Szycher's Book 
of Polyurethanes" by Michael Szycher, CRC Press, New York, NY, 
1999, pages 14-10 through 14-15) describes the preparation of 
25 water dispersions of polyurethanes, which contain hydrophilic 
polyether-type groups either branching off or terminating on 
the main polyurethane chains. Polyethylene oxide units 
(having a molecular weight (MW) of from 200 to 4,000) are 
typically used as dispersing sites. Nonionic polyurethanes 
30 may be prepared by the use of diols or diisocyanate comonomers 
bearing pendant polyethylene oxide chains. 

The aqueous nonionic polyurethane dispersion for use in 
the present invention contains up to 70 wt.%, or up to 65 
wt.%, or up to 60 wt.%, or up to 50 wt.% of the nonionic 
35 polyurethane. The aqueous nonionic polyurethane dispersion 
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includes at least 1 wt.%, or at least 5 wt.%, or at least 10 
wt.%, or at least 20 wt.% of the nonionic polyurethane. The 
amount of nonionic polyurethane in the aqueous nonionic 
polyurethane dispersion is not critical. In general/ the 
5 amount should not be so high as to cause the dispersion itself 
or the mixture with the nitrogen-containing polymer to be 
unstable, or so low that the coating composition does not 
provide sufficient water and rub resistance or that the 
dispersion itself becomes unstable. The nonionic polyurethane 

10 may be present in the aqueous nonionic polyurethane dispersion 
in any range of values inclusive of those stated above. 

The aqueous solution of a cationic nitrogen-containing 
polymer for use as a dye fixative in the coating composition 
of the present invention/ has a pH of less than 7, or less 

15 than 6/ or less than 5. A pH value within this range allows 
for at least a portion of the nitrogen atoms to carry at least 
a portion of a cationic charge. The resulting coating 

composition will have a pH of less than 7, or less than 6, or 

* 

less than 5 . 

20 As used herein and in the claims, "aqueous solution" 

means that the cationic nitrogen-containing polymer is soluble 
in a liquid medium such as water. 

A dye fixative is generally used to fix dyes to a 
substrate to preclude the dyes from bleeding or migrating out 

25 of the substrate when the substrate is contacted with water. 

A known cationic nitrogen-containing polymer in which at 
least a portion of the nitrogen atoms carry at least a portion 
of a cationic charge within the above-mentioned pH range of 
the coating composition, may be used in the present coating 

30 composition as a dye fixative. Suitable cationic nitrogen- 
containing polymers include cationic polymers having one or 
more monomer residues derived from one or more of the 
following nitrogen-containing monomers: 
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5 where R 1 represents independently for each occurrence in each 
structure, H or Ci to C 3 aliphatic; R 2 represents independently 
for each structure a divalent linking group selected from C 2 to 
C 2 o aliphatic hydrocarbon, polyethylene glycol and 
polypropylene glycol; R 3 represents independently for each 

10 occurrence in each structure H, Ci to C 22 aliphatic hydrocarbon 
or a residue from the reaction of the nitrogen with 
epichlorohydrin; Z is selected from -O- or -NR 4 -, where R 4 is H 
or CH 3 ; and X is a halide or methylsulfate . 

Examples of nitrogen-containing monomers or resulting 

15 monomer residues for use in the present invention include 
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dimethyl aminoethyl (meth) acrylate, (meth) acryloyloxyethyl 
trimethyl ammonium halides, (meth) acryloyloxyethyl trimethyl 
ammonium methylsulf ate, dimethyl aminopropyl (meth) acrylamide, 
(meth) acrylamidopropyl trimethyl ammonium halides, aminoalkyl 
5 (meth) acrylamides where the amine is reacted with 

epichlorohydrin, (meth) acrylamidopropyl trimethyl ammonium 
methylsulf ate, diallyl amine, methyl diallyl amine, and 
diallyl dimethyl ammonium halides. 

The cationic nitrogen-containing polymers may contain 
10 additional monomer residues. The additional monomer residues 
may be obtained from any polymer izable ethylenically 
unsaturated monomer that, when copolymer i zed with the 

* 

nitrogen-containing monomers allows the resulting polymer to 
be at least partially soluble in water. As used herein and the 

15 claims, "partially soluble" refers to at least 0.1 gram of the 
polymer dissolving in water when ten (10) grams of the polymer 
is added to one (1) liter of water and mixed for 24 hours. 

Examples of monomers that may be copolymerized with the 
nitrogen-containing monomers include (meth) acrylamide, n-alkyl 

20 (meth) acrylamides, (meth) acrylic acid, alkyl esters of 
(meth) acrylate, glycol esters of (meth) acrylic acid, 
polyethylene glycol esters of (meth) acrylic acid, hdroxyalkyl 
(meth) acrylates, itaconic acid, alkyl ethers of itaconic acid, 
maleic acid, mono- and di-alkyl esters of maleic acid, maleic 

25 anhydride, maleimide, aconitic acid, alkyl esters of aconitic 
acid, allyl alcohol and alkyl ethers of allyl alcohol. 

In an embodiment, the cationic nitrogen-containing 
polymer is a homopolymer of a nitrogen-containing monomer, or 
a copolymer of one or more nitrogen-containing monomers . In 

30 another embodiment, the nitrogen-containing polymer is a 
copolymer of one or more polymer izable ethylenically 

unsaturated monomers and one or more nitrogen containing 

i 

monomers. When the nitrogen-containing polymer includes any of 
the aforementioned additional polymerizable ethylenically 
35 unsaturated comonomers, the nitrogen-containing polymer 
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includes not more than 70 mol%, or not more than 50 mol%, or 
not more than 25 mol%, or not more than 10 mol% of the 
nitrogen-containing monomer. The amount of nitrogen-containing 
monomer may be dependent upon the specific polyure thane used 
5 in the present coating composition. When the amount of the 
nitrogen-containing monomer used in the nitrogen-containing 
polymer is too high, an unstable mixture of the nitrogen- 
containing polymer and polyurethane dispersion may result. It 
is typically difficult to properly apply an unstable mixture 

10 to an ink recordable substrate. 

When the nitrogen-containing polymer includes any <?f the 
aforementioned additional polymerizable ethylenically J 
unsaturated comonomers, the nitrogen-containing polymer 
includes at least 0.1 mol%, or at least 1.0 mol%, or at least 

15 2.5 mol%, or at least 5.0 mol% of the nitrogen-containing 

monomer. When the amount of nitrogen-containing monomer in the 
nitrogen-containing polymer is too low, the nitrogen- 
containing polymer may not provide adequate dye fixative 
properties and a recorded ink image on the coated substrate 

20 may lack water and rub fastness properties. 

The nitrogen-containing monomers may be present in the 
nitrogen-containing polymer in any range of values inclusive 
of those stated above. The additional polymerizable 
ethylenically unsaturated monomers will be present in an 

25 amount such that the total percentage is 100 mol%. 

In the present invention, the aqueous solution of the 
cationic nitrogen-containing polymeric dye fixative includes 
at least 5 wt.%, or at least 10 wt.%, or at least 15 wt.% of 
the nitrogen-containing polymer; and not more than 50 wt.%, or 

30 not more than 45 wt.% , or not more than 40 wt.% of the 

nitrogen-containing polymer. When the concentration of the 
nitrogen-containing polymer is too low, it is not economical 
for commercial applications and may be too dilute to provide 
optimum ratios with the polyurethane. When the concentration 

35 is too high, the solution may be too viscous to easily handle 
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in a commercial environment. Examples of cationic nitrogen- 
containing polymers useful in the present invention are 
solutions of polyamide amines reacted with epichlorohydrin, 
available under the trade name CinFix from Stockhausen GmbH & 
5 Co. KG, Krefeld, Germany. 

The ink jet recordable substrate coating composition of 
the present invention includes a mixture of an aqueous 
solution of a cationic nitrogen-containing polymer and an 
aqueous polyurethane dispersion. The mixture includes from 10 

10 wt.% to 70 wt.%, or from 20 wt.% to 60 wt.%, or from 30 wt.% 
to 50 wt.% of an aqueous polyurethane dispersion. The mixture 
will also include from 30 wt.% to 90 wt.%, or from 40 wt.% to 
80 wt.%, or from 50 wt.% to 70 wt.% of an aqueous solution of 
the cationic nitrogen-containing polymer. The weight 

15 percentages are based on the total weight of the ink jet 
recordable substrate coating composition. 

In an embodiment of the present invention, water is added 
to the mixture of the cationic nitrogen-containing polymer and 
the polyurethane. When water is added to the mixture, the 

20 resulting ink jet recordable substrate coating composition has 
a total resin solids of from 1 wt.% to 35 wt.%, or from 1 wt.% 
to 20 wt.%, or from 1 wt.% to 10 wt.% based on the total 
weight of the ink jet recordable substrate coating 
composition. When the total resin solids is too high, the 

25 viscosity of the coating composition may be such that poor 

penetration of the coating composition results. When the total 
resin solids is too low, the viscosity of the coating 
composition may be such that poor coating to the substrate 
results. In an embodiment, the viscosity of the coating 

30 composition of the present invention is less than 500 cps, or 
less than 400 cps; and at least 10 cps, or at least 25 cps 
when measured using a Brookfield viscometer (RVT, spindle no. 
1, 50 rpm at 25°C) . A viscosity within the aforementioned 
ranges provides for the coating composition to wet the 
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• •„„ « dearee of porosity in the final 
substrate while maintaining a degree 

coated substrate. « mr , n «;ition of the present 

In a „ embodiment, the ^ ln the 
invention includes a co-solvent ~ 
5 ar t may be used, suiteble co-solvents include 

alcohols, . alvcol ethers. 

n -methylpyrrolidone. Powanol - ~ ^Ition may also 

~ r^^^anvUn in the art. Suob 
include other additive, typ nonlonic , cationic. 

I0 additives include surfactants, such 

Wor j r an d zwiter ionic surtactan^, 
anionic. ^"" e "* , alcohol s. polyvinyl pyrrolidones. 
m „difiers. - < = h ." s P0 ^ tylalI , ides . natural and synthetic ■ 
polyethylene oxides, polyacry hloro . 2 . me thyl-4- 
gum s.. biocides, such as a blen o '^^^ 
15 isothiaroline-3-one and 2 - y ^ ^ ^ ^ 

avall abl e cohere am b y and 
Haas Co., 2-hydroxypi fjt titanium, 
Cithiocarbamates; and coupling agents, such 
silane-type, tfisodium pyrophosphate 

The PH of the coating composition of the p 
20 ™ P •, or less than 6, or less than 5. 

invention is less than 1, or cati onic polymeric 

When the P H is outside of ™ 

*• ""^ C °" POU :: Ttended function, rurther, on certain 
char ge to per form i ^ m-de ^ ^ My 

2S substrates the wetting a£oI ementioned ranges . 

be improved when the pH is wi the coa ting 

In an embodiment, for commercial application 
composition has pH greater than 2 ^ 
The present invention is also dir 
30 preparing the in, >et "-^^^J^.. ad d in, 

co-osUion. ^ Pr "-\ta t I C «ogen-containing polymer 
the aqueous solution of a «"? su££ic i e nt mixing is 

into an agueous polyuretbane diapers^ ^ ^ 

Min tained during the ^d f n observed that when the agueous 
35 mixture results, it 
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the steps of: 



10 



15 



anionic polyurethane dispersion is added to the aqueous 
solution of a cationic «"~««~»^^^ opined. 

copulation occurs and a ^^"llrl^ to a method or 

The present invention is further directed z 
coating an in, Jet recorded substrate. The method includes 

providing an in, Jet recordable substrate having 
a top surface and a bottom surface; 

(b) providing the coating composition descrrbed 

abOVe: ( cfaPPlyin, the coating composition to at least one 

surface of the ink Jet recordable substrate. 

Any ink jet recordable substrate may be used rn the 

„„„ The ink jet recordable substrate has a 
present rnventron. The in* 3 ^ ^ 

porosity of at least 35%. or from 35% to 80%, by 
substrate. The ink jet recordable substrate for use 
present invention may be any cellulosic-based 
States 4.861.644 and 5.196.262. both of whrch are here 
incorporated by reference, describe suitable mrcroporous 
, substrates for use in the present invention 

in an embodiment, the ink jet recordable substrate is 
mict oporous substrate. An example of a suitable — 
Tubstrat. includes an ink jet recordable substrate havrng a 
top surface and a bottom and which includes : 
ial a matrix comprising a polyolefin; 

lb, a Tarticulate siliceous filler distributed throughout 
the matrix; and 

<c, a network of interconnecting pores communrcatxn, 
throughout the mrcroporous substrate, wherein the pores 
3„ constitute at least 35 percent by volume of the 

mrcroporous substrate polye thylene or 

Any polyolefin known m the art such p 

j i„ eh. microoorous substrate. In an 
polypropylene may be used xn the mrcrop 

embodiment, the polyethylene rs a Irnear hrgh 

35 polyethylene having an intrinsic viscosity of at least 
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deciliters/gram and the polypropylene is a linear high 
. molecular weight polypropylene having an intrinsic viscosxty 
of at least 5 deciliters/gram. 

As recorded herein and in the claims, intrinsic viscosxty 
5 is determined by extrapolating to zero concentration the 
reduced viscosities or the inherent viscosities of several 
dilute solutions of the polyolefin wherein the solvent xs 
distilled decahydronaphthalene to which 0.2 percent by wexght, 
3 5_di-tert-butyl-4-hydroxyhydrocinnamic acid, 
,0 neopentanetetrayl ester [CAS Registry No. 6683-19-8] has been 
added. The reduced viscosities or the inherent viscositxes of 
the polyolefin are ascertained from relative viscositxes 
obtained at 135"C using an Ubbelohde No. 1 viscometer. 

On a coating-free, printing ink free, impregnant-f ree, 
1, and pre-bonding basis, pores constitute at least 35 percent by 
volume of the microporous substrate. In some instances, the 
pores constitute at least about 60 percent by volume of the 
microporous substrate, or from 35 percent to about 80 percent, 
or from 60 percent to 75 percent by volume of the microporous 

20 substrate. 

The siliceous particles may be in the form of ultimate 
particles, aggregates of ultimate particles, or a combination 
of both. As used herein and in the claims, the term ultxmate 
particles" refers to small discrete particles of colloidal 
25 polymerized silicic acid units which make up amorphous sxlxca. 
The term "aggregate" as used herein and in the claims, refers 
to a structure wherein ultimate particles are condensed to 
produce an open but continuous structure of chains or a solxd 
structure of interconnecting pores. 
30 in an embodiment, the siliceous particles are finely- 

divided. As used herein and in the claims, « finely-divided" 
refers to a maximum retention of 0.01% by weight on a 40 mesh 
sieve screen. 

in a further embodiment, the siliceous particles are 
35 substantially insoluble. As used herein and in the claims, 
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the term "substantially insoluble" refers to amorphous silica 
exhibiting a reproducible equilibrium solubility in water 
which may range from 70 ppm to greater than 150 ppm in water 
at a temperature of 25°C. It is believed that variations in 

5 solubility are due to differences in particle size, state of 
internal hydration and the presence of trace impurities in the 
silica or absorbed on its surface. The solubility of the 
silica may also be dependent on the pH of the water. As pH 
increases from neutrality (i.e., pH of 7) to alkalinity (i.e., 

10 pH greater than 9), the solubility of silica may increase. 

(See "The Chemistry of Silica", R.K. Her, Wiley-Interscience, 

NY (1979) , pp. 40-58.) 

In the present invention, at least 90 percent by weight 
of the siliceous particles used in preparing the microporous 
15 substrate have particle sizes in the range of from 5 to 40 
micrometers. The particle size is determined by use of a 
Model Tall Coulter Multisizer Particle Size Analyzer (Coulter 
Electronics, Inc.) wherein, prior to analysis by the Coulter 
Analyzer, the filler is stirred for 10 minutes in Isoton II 
20 electrolyte solution (Curtin Matheson Scientific, Inc.) using 
a four-blade, 4.445 centimeter diameter propeller stirrer. In 
an embodiment, at least 90 percent by weight of the siliceous 
particles have particle sizes in the range of from 10 to 30 
micrometers. It is expected that the sizes of filler 
25 agglomerates may be reduced during processing of the 
ingredients to prepare the microporous substrate. 

Suitable siliceous particles include, but are not limited 
to particles of silica, mica, montmorillonite, kaolinite, 
asbestos, talc, diatomaceous earth, vermiculite, natural and 
30 synthetic zeolites, cement, calcium silicate, aluminum 

silicate, sodium aluminum silicate, aluminum polysilicate, 
alumina silica gels, and glass^ particles . Silica and the clays 
are commonly used siliceous particles. In an embodiment, 
precipitated silica, silica gel, or fumed silica is used. 
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10 



15 



20 



25 



30 



35 



in an embodiment, the siliceous particles are coated 
prior to incorporation in the microporous substrate. A method 
known in the art may be used to coat the particles. The 
selection of the method of coating the siliceous particles is 
not critical. For example, the coating ingredients may be 
added to an aqueous slurry of pre-washed silica filter cake 
under sufficient stirring to allow for complete mixing of the 
ingredients, followed by drying, using conventional techniques 

known in the art. 

The coating may include the aforementioned aqueous 
polyurethane dispersions, and/or the aforementioned cationic 
nitrogen-containing polymeric compounds. 

United States Patent Applications having serial numbers' 
09/636,711; 09/636,312; 09/636,310; 09/636,308; 09/636,311 and 
10/041,114; disclose suitable coating compositions and methods 
of coating silica particles which may be used in the present 
invention, and which by reference are incorporated herein. 

The particulate siliceous filler constitutes from 50 to 
90 percent by weight of the microporous substrate. In an 
embodiment, the filler constitutes from 50 to 85 percent, or 
from 60 to 80 percent by weight of the microporous substrate. 

in addition to the siliceous particles, substantially 
water-insoluble non-siliceous filler particles may also be 
used in the microporous substrate. Examples of such optional 
non-siliceous filler particles include particles of titanium 
oxide, iron oxide, copper oxide, zinc oxide, antimony oxide, 
zirconia, magnesia, alumina, molybdenum disulfide, zinc 
sulfide, barium sulfate, strontium sulfate, calcium carbonate, 
magnesium carbonate, magnesium hydroxide, and finely divided 
substantially water-insoluble flame retardant filler particles 
such as particles of ethylenebis (tetra-bromophthalimide) , 
octabromodiphenyl oxide, decabromodiphenyl oxide, and 
ethylenebisdibromonorbornane dicarboximide . 

in an embodiment of the invention, the substrate is 
highly porous. The term "highly porous" refers to a substrate 
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having a porosity of not more than 20,000, or not more than 
10,000 and in many cases not more than 7,500 seconds/lOOcc 
air. The porosity is typically at least 50 seconds/lOOcc air. 
These porosity values are determined in accordance with the 

5 method described in ASTM D726, with the following exceptions 
relative to Section 8 of the ASTM. In the present invention, 
the sheet samples are tested without conditioning in 
accordance with ASTM D685, and only three (3) specimens for a 
given sample type are tested for a total of six (6) 

10 measurements (three measurements per two surfaces) for a given 
specimen type rather than a minimum of ten specimens for a 
given samples as stated in ASTM D726. The lower the value in 
seconds/cc air, the more porous is the substrate. Highly 
porous substrates may be produced by various methods known in 

15 the art, such as thermally treating a substrate, orienting, 

compositionally by increasing the filler content, microvoiding 
films, or etching. Examples of highly porous substrates 
include thermally treated microporous materials such as Teslin 
TS-1000 which is commercially available from PPG Industries, 

20 Inc., Pittsburgh, PA. 

The coated microporous substrate has a thickness of at 
least 0.1 mils, or from 0.5 to 100 mils, or from 1 to 50 mils, 
and in some cases from 4 to 14 mils. When the coated 
microporous substrate has a thickness which exceeds the 

25 aforementioned ranges, it may not feed properly through an ink 
jet printer. When the coated microporous substrate is below 
the stated ranges, it may not have sufficient strength for its 
intended use. 

Any method known in the art may be used to apply the 
30 coating composition of the present invention to the ink jet 
recordable substrate such as flexography, spraying, air knife 

coating, curtain coating, dipping, rod coating, blade coating, 

i 

gravure, reverse roll, roller application, imbibing, size 
press, printing, brushing, drawing, slot-die coating, and 
35 extrusion. 
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Following application of the coating composition to said 
substrate, the solvent is removed from the applied coating by 
any conventional drying technique. In an embodiment, the 
coating is dried by exposing the coated substrate to a 
5 temperature ranging from ambient to 350°F. 

The coating composition is applied at least one time to 
at least one surface of the substrate. When the coating 
composition is applied more than one time, the applied coating 
is usually but not necessarily dried, either partially or 

» 

10 totally, between coating applications. 

When the coating composition is applied to a microporous 
substrate, the coating composition will often penetrate into * 
the substrate. Penetration of the coating layer into the 
microporous substrate improves the ink jet print quality on 
15 the coated substrate. Typically, the coating layer penetrates 
into at least the first one (1) micron of the surface of the 
microporous substrate. In some instances, the coating layer 
penetrates into at least the first ten (10) microns, or at 
least the fir.st twenty (20) microns or at least the first 
20 thirty (30) microns of the microporous substrate. 

In an embodiment of the present invention, the coating 
composition is applied to the substrate using an air knife 
coating technique where the excess coating is f blown off by a 
powerful jet from the air knife. In another embodiment, a 
25 reverse roll coating method is used. In this procedure, the 
coating composition is measured onto an applicator roller by 
precision setting of the gap between an upper metering roller 
and the application roller below it. The coating is wiped-off 
the application roller by the substrate as it passes around 
30 the support roller at the bottom. 

In another embodiment of the present invention, gravure 
coating is used to apply the coating composition. In the 
gravure coating method, an engraved roller runs in a coating 
bath, which fills the engraved dots or lines of the roller 
35 with the coating composition. Any excess coating on the roller 
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is wiped off by a doctor blade and the coating is deposited 
onto the substrate as it passes between the engraved roller 
and a pressure roller. Reverse gravure coating methods may be 
used, in this method, the coating composition is metered by 
5 the engraving on a roller before being wiped off as in a 
conventional reverse roll coating process. 

in a further embodiment a metering rod may be used to 
apply the coating composition. When a metering rod is used, an 
excess of the coating is deposited onto the substrate as it 
,0 passes over a bath roller. The wire-wound metering rod, 

sometimes known as a Meyer Bar, allows the desired quantity of 
the coating to remain on the substrate. The quantity is 
determined by the diameter of the wire used on the rod. 

The amount of the substantially dry coating applied to 
15 the substrate, or "coat weight", is measured as coating weight 
per coated area. The coat weight may vary widely, but in most 
instances will be at least 0.001 g/m*, or at least 0.01 g/m , 
and in some cases at least 0.1 g/m*. The coat weight is not 
more than 50 g/m*, or not more than 40 g/m*, and in some cases 
20 not more than 35 g/m*. The coat weight may vary between any of 

the stated amounts. 

The present invention is also directed to a coated 
microporous substrate. The coated microporous substrate 
includes the microporous substrate having at least one coated 
25 surface as described above. The surface is coated with the 
aforementioned coating composition which includes a catiomc 
polymeric nitrogen containing dye fixative compound and one or 
m ore polyurethanes as described above. The substantially 
dried coating layer includes the polyurethane at from 10 to 70 
30 percent, or from 20 to 60 percent, and in some cases from 30 
to 55 percent by weight of the coating layer and the nitrogen- 
containing polymer at from 30 to 90 percent, or from 40 to 80 
percent, and in some cases from 45 to 70 percent by weight of 
the coating layer. The amount of each component in the 
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substantially dried coating layer is determined by the amount 
of each used to prepare the coating composition 

As used herein and in the claims, "substantxally dry rs 
used to refer to the coating layer that feels dry to touch 

The present invention is more particularly descrxbed xn 
the following examples, which are intended to be illustrate 
only, since numerous modifications and variations therexn will 

r t o those skilled in the art. Unless otherwise 
be apparent to tnose s^ AiCU 

specified, all parts and percentages are by weight and all 
, references to water are meant to be deionired water. 



EXAMPLES 



15 



20 



25 



Example 1 . . 

TToatxng composition of the present xnventxon was 

prepared by diluting in a stainless steel mix tank under high 
speed mixing with an overhead mixer, a ,1.5* solxds by wexght 
anionic polyurethane dispersion sold under the trade name 
^LoBonL 234 available from Crompton corporation. Greenwrch. 
Connecticut, to 9.22% solids by weight. In a separat, =f«ed 
tank a 55% solids by weight solution of a polyamxde amxne 
reacted with epichlorohydrin sold under the trade name CxnFxx 
m by stockhausen GmbH » Co. KG. Krefeld. Germany, 
to 5 78% solids by weight, and subsequently added to the 
dil uted anionic polyurethane dispersion, and the mixture was 
^ed for 15 minutes. The pH was adjusted with glacral acetrc 
acid to 5.0 ± 0.5. The total resin solids of the mixture was 

c «.%,^ m wture was 46 cps as measured 
7.5% and the viscosity of the mixture was P 

using a Brookfield viscometer, RVT, spindle no. 1, at 50 rpm 



and 25°C 



30 



35 



Examples 2-4 

^oltUg compositions were prepared as descrxbed xn 

sample 1 and applied to microporous substrates sold under the 
tradename Teslin by PPG Industries. Pittsburgh PA. * 
of 8.5" x 11", 10 mil thick, Teslin® was placed on a 15 
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x 20 mil backing sheet. A metering bar was placed 1-2 inches 
above the Teslin sheet, parallel to the top edge. A 10 - 20 ml 
quantity of coating was drawn into a disposable plastic 
syringe. The coating was deposited as a bead strip 

5 (approximately 1/8 inches wide) directly next to and touching 
the metering bar. The bar was drawn completely across the 
sheet of Teslin, attempting a continuous/constant rate. The 
resultant wet sheet was placed in a forced air oven, secured 
and dried at 95°C for 2 minutes. The dried sheet was removed 

10 from the oven and the same coating procedure was repeated on 
the opposite side of the sheet. The sheet was then printed and 
tested. Table 1 shows characteristics of the printed sheets. 
The coating compositions were applied with an approximate coat 
weight of 0.73 g/m 2 (total front and back). As used herein and 

15 the claims, "coat weight" refers to the consumption rate of 
coating (as dry solids) per unit area. For example, the coat 
weight of "X" grams of coating (as dry solids) consumed in 
coating "Y" square meters of Teslin, is "X divided by Y" grams 
per square meter. 

20 

TABLE 1 





Substrate 


Polyu re thane 


Meyer Bar 


Example 2 


Teslin SP1000 


WitcoBond UCK 051 


#6 Rod 


Example 3 


Teslin TS1000 


WitcoBond UCK 051 


#9 Rod 


Example 4 


Teslin TS1000 


WitcoBond 234 


#9 Rod 



Examples 2-4 were printed with an ink jet printer, Model 
25 HP960 by Hewlett Packard Company, Palo Alto, California and 
soaked overnight in water at ambient temperature. Based on 
visual inspection, it appeared that the recorded images 
remained intact, i.e., the ink did not bleed and the optical 
density of the image was not significantly decreased. 

30 

Examples 5-8 * 

A coating composition was prepared as described in 
Example 1 and applied to Teslin microporous substrates. Two 
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substrates (Examples 5 and 7) were coated using a metering bar 
as described in Example 2. For coating compositions having a 
total resin solids of 7.5%, the viscosity was 46 cps; and for 
10.0% solids, the viscosity was 63 cps. The viscosity values 
5 were measured using a Brookfield viscometer, RVT, spindle no. 

1, at 50 rpm and 25°C. 

Two substrates (Examples 6 and 8) were coated using a 
flexographic or gravure coating method to apply the coating. 
In this coating method, a line consisting of two coating 
10 stations, each with a forced air drying oven was used. Each 
coating station consists of a coating feed chamber, anilox 
roll and rubber application roll. The coating .feed chamber was 
supplied from a coating holding tank and pump. Both sides of 
the Teslin sheet were coated. The apparatus was fitted with a 
15 7 BCM (billion cubic microns) anilox roll, line speed was 180 
fpm, oven temperature was 105°C (220°F) and 8 passes per roll 
were made, which translates into four passes per surface. The 
coating compositions were applied with an approximate coat 
weight of 0.73 g/m 2 (total front and back). 
20 Table 2 shows the characteristics of the sheets produced 



TABLE 2 




*BPS = Bumps Per Surface 



25 The resultant coated sheets were printed with a test 

print pattern on a Model HP970 (Hewlett Packard Company) ink 
jet printer. Color bars from the test print pattern were 
measured for optical density by submerging in deionized water 
at ambient temperature for a period of 15 minutes, removing 

30 from the water and allowing to air dry for one hour and 
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measuring each color for optical density. The optical density 
of cyan(C), magenta (M) , yellow, black (K) and composite black 
(CMY) were measured using a Model RD922, MacBeth ANSWER II 
densitometer, manufactured by Kolimorgen Instrument 
Corporation, before and after water soak. The results are 
shown in Table 3. 

TABLE 3 



Initial Optical Density^ 




CMY 



Optical Density 8 15 Minute 
Water Soak 



Example 5 



1.34 



1.04 



1.08 



0.76 



1.37 



1.33 



1.07 



1.04 



0.81 



1.42 



Example 6 



1.33 



0.99 



1.03 



0.73 



1.33 



1.34 



1.07 



1.06 



0.78 



Example 



1.36 



1.04 



1.09 



0.77 



1.38 



1.33 



1.05 



1.02 



Example 8 



1.21 



1.11 



1.19 



0.87 



1.20 



1.23 



1.18 



1.19 



0.79 
0.92 



1.37 



1.37 

1.-22 



15 



10 Example 9 

A 9.22% solids by weight solution of WitcoBond 234 was 
applied to a Teslin TS1000 substrate using a metering bar as 
described in Examples 2-4. Immediately thereafter, a 5.78% 
solids by weight solution of CinFix NF was similarly applied 
to the substrate. The coated Teslin TS1000 was then dried at 
95°C for 2 minutes. The dried sheet was removed from the oven 
and the same coating procedure was repeated on the opposite 
side of the sheet. A test print pattern was printed on the 
coated Teslin using an HP970 Inkjet Printer as described in 
Examples 5-8. Based on visual inspection, the printed image 
demonstrated excessive ink bleeding and poor drying 
properties . 



20 



25 



30 



Example 10 

A 5.78% solids by weight solution of CinFix NF was 
applied to a Teslin TS1000 substrate as described in Examples 
2-4. Immediately thereafter, a 9.22% solids by weight 
solution of WitcoBond 234 was similarly applied to the 
substrate. The coated Teslin TS1000 was then dried at 95°C for 
2 minutes. The dried sheet was removed from the oven and the 
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same coating procedure was repeated on the opposite side of 
the sheet. A test print pattern was printed on the coated 
Teslin using an HP970 Inkjet Printer as described in Examples 
5-8. Based on visual inspection, the printed image 
5 demonstrated excessive ink bleeding and poor drying 
properties • 

Example 11 

A 5.78% solids by weight solution of CinFix NF was 

» 

10 applied to a Teslin TS1000 substrate as described in Examples 
2-4. The coated Teslin TS1000 was then dried at 95°C for 2 
minutes . The dried sheet was removed from the oven and the ' 
same coating procedure was repeated on the opposite side of 
the sheet. A test print pattern was printed on the coated 

15 Teslin using an HP970 Inkjet Printer as described in Examples 
5-8. Based on visual inspection, the printed image was 
acceptable, however, the printed substrate demonstrated poor 
water resistance. 

20 Example 12 

A 9.22% solids by weight solution of WitcoBond 234 was 
applied to a Teslin TS1000 substrate as described in Examples 
2-4. The coated Teslin TS1000 was then dried at 95°C for 2 
minutes. The dried sheet was removed from the oven and the 

25 same coating procedure was repeated on the opposite side of 
the sheet. A test print pattern was printed on the coated 
Teslin using an HP970 Inkjet Printer as described in Examples 
5-8. Based on visual inspection, the printed image 
demonstrated unacceptable print quality. 

30 

Example 13 

A coating composition wa^ prepared by diluting in a 
stainless steel mix tank under high speed mixing with an 
overhead mixer, a 61.5% solids by weight anionic polyurethane 
35 dispersion sold under the trade name WitcoBond® 234 available 
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. Green wich. Connecticut, to 9.22% 
£ rom Crouton feed ten, a 55, -lids by 

solids by weight. • rea cted with 

U ei,ht solution of a ^ cinFilc „r hy 

epichlorohydrin sold under the ^ „ 

' ^ witcoBond 234 dispersion was 

solids by solutlon . T he resulting 

edded to the diluted CrnFrx « ly heavy precipitate 
sponsion demonstrated an-a^P ^ ^ ^ . 

which was a polysalt 

|*am E J£S_14jiS prepared as in Example 1 and 

^^^^tb^ic O-lOlb/s, yd. gauge,, cotton 

n • ~a m silk fabric v*j. 
were applied to « , and e 

£ ebric 3 n t: uo ; en sub strate (0.1Ub/sg yd. ^ 

5 Polypropylene/cellulose ^ ^ . "tVmetertng 
g.Smil gauge, . For backing sheet. A mete 

wes fixed to a 15 * *• « top of the sheet, 

bar was Placed 1 - 2 rnches ab=v ^ ^ o£ was 

to the top edge . « coating was 
parallel to t plas tic syringe. The coa 

20 drawn into a deposable P 1 ly 1/8 inches wrde, 

deposited as a bead strrp appr ^ The bar „ a3 

Erectly next to and touch"* ,t» continuo us,constant 

dr awn completely across the sheet ^ ^ ^ air ove „, 

rat e. The resultant wet -as ^ ^ ^ uas 

J5 secured and dried at 95 C f procedure was 

removed from the oven end the sam ^ ^ ^ _ 

, „_ a-vye opposite siae <-> , and was then 

repeated on tne opt- or ovide rigidity ana 

„U to a transparency sheet to pr 00 „ po3it ions were 

ready to b. printed andtes ted. T ^ ^ ^ 

30 - 'Trrght „ as .etermined as previously 

front and back) • coa 

described in Examples 2-4 ^ jet printer, 

. e 14 . 16 were P^ nLeu California 
Examples 14 y> palo Rlt o. Call£ 

„edel HB970 by Hewlett uithout coating. 

„ end compared to the same substr 
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printing, each sheet was removed from the rigid transparency 
sheet. Coated and uncoated printed sheet types were soaked in 
water at ambient temperature for 5 days. Optical density was 
measured after 5 days of soaking. The optical density of cyan 
5 (C) , magenta (M) , yellow (Y) , black (K) and composite black 
(CMY), were measured using a Model RD922, MacBeth ANSWER II 
Densitometer, manufactured by Kolimorgen Instrument 
Corporation, before and after water soak. 

The recorded images for the coated substrates remained 
10 intact after 15 minutes, i.e., the ink did not bleed or the 
optical density of the image was not significantly decreased 
for each sample. The uncoated sheets bled immediately, 
completely washing away the printed image within the 15 minute 
soak time. The printed image on each of the coated substrate 
15 did experience ink bleed after 5 day water soak exposure, as 
seen by the optical density values. The resultant printed 
images were faded but had good line sharpness and legible 
text. 



20 





Initial Optical Density 


Optical Density © 

Soak 


5 day 


Water 


CMY 


C 


M 


Y 


K 


CMY 


C 


M 


Y 


K 


Example 14 


1.23 


1.04 


1.24 


1.08 


1.24 


0.87 


0.71 


0.62 


0.55 


0.80 


Silk 
(uncoated) 


0.97 


0.84 


0.88 


0.72 


0.95 


Color bars washed out/i 
measurable 


aot 


Example 15 


1.26 


1.13 


1.31 


1.11 


1.27 


0.81 | 0.69 ! 


0.76 


0.54 


0.92 


Cotton 
(uncoated) 


0.94 


0.81 


0.91 


0.81 


0.95 


Color bars washe 
measurab 


td out/not 
le 


Example 16 


1.42 


1.19 


1.46 


1.11 


1.46 


1.14 


| 0.89 


| 0.67 


0.58 


] 1.21 


Polypropylene/ 
Cellulose 
(uncoated) 


1.26 


1.15 


1.43 


1.06 


1.29 


Color bars washed out /not 
measurable 



Example 17 

A coating composition designated herein as "01" was 
25 prepared as follows. In a mixing vessel under high speed 
mixing with an overhead mixer , a 61.5% solids by weight 
anionic polyurethane dispersion sold under the trade name 
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Witcobond W-234 available from Crompton Corporation, 
Greenwich, Connecticut, was diluted with deionized water to a 
10.0% solids by weight dispersion. In a separate vessel, a 
55% solids by weight solution of a polyamide amine reacted 
5 with epichlorohydrin sold under the trade name CinFix NF 
available from Stockhausen GmbH & Co. KG, Krefeld, Germany, 
was diluted with deionized water to a 10.0% solids by weight 
solution, and was subsequently added to the diluted anionic 
polyurethane dispersion. The mixture was mixed for fifteen 
10 minutes following completion of the addition. The resulting 
mixture contained 40 parts by weight of solids of CinFix NF 
and 60 parts by weight of solids of Witcobond W-234. 

A second coating was prepared as above-described with the 
exception that CinFix NF was replaced on an equivalent dry 
15 solids basis with CinFix RDF. This second coating composition 
is referred to herein as 01/RDF. CinFix RDF is a water 
solution of poly (diallyl dimethyl ammonium chloride) at 31% 
solids commercially available from Stockhausen GmbH & Co. KG, 
Krefeld, Germany. The CinFix RDF was diluted to 10.0% solids 
20 by weight prior to addition to the Witcobond W-234. 

A third coating was prepared as above-described for the 
"01" composition with the exception that CinFix NF was 
replaced on an equivalent dry solids basis with 
diallyldimethylammonium chloride. This third coating 
25 composition is referred to herein as "01/ DADMAC" . 

Diallyldimethyl ammonium chloride is commercially available 
from Aldrich Chemical Company of Milwaukee, WI, as a 65% 
solution in water. It was diluted to 10.0% solids by weight 
prior to addition to the Witcobond W-234. 
30 a fourth coating was prepared as above-described for the 

"01" composition with the exception that CinFix NF was 
replaced on an equivalent dry solids basis with the reaction 
product of equimolar amounts of diethyl amine and 
epichlorohydrin at 30% solids in water. This fourth coating 
35 composition is referred to herein as "01/DEA-EPI" . The 
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reaction product was not completely miscible with water in the 
30/70 parts by weight mix necessary for 30% solids and 
therefore, was acidified to a P H of 5 with acetic acid to 
render it soluble in water for use in the coating. It was 
5 diluted to 10.0% solids prior to addition to the Witcobond W- 
234 . 

Sheets of Teslin® TS1000 and SP1000 were coated on both 
sides with each of the above-mentioned coatings using a #9 
rod. The coating was applied to the front surface, dried for 
10 a period of two minutes at a temperature of 95*C, and then 

applied to the back surface and dried for two minutes at 95*C. 
The finished sheets were then printed with a pattern on a 
Hewlett-Packard 960C printer at -HP Premium Photo Paper - 
Glossy- setting. The color density of the printed color bar 
15 section of the pattern was measured using an X-Rite Model 418 
Densitometer, calibrated on a white tile standard. The 
printed color bar section was cut out of each sheet and 
immersed in a beaker of de-ionized water overnight (i.e., 14 
hours) . The sections were then removed from the water baths 
20 and allowed to air dry for a period of four hours. The color 
density after soak was then measured. 

The results are shown in the following table: 



Coating 
"01" 

-or 

"01" 
"01" 

"01 /RDF" 

"01 /RDF" 

"01 /RDF" 

"01 /RDF" 

"01/DADMAC" 

"01/DADMAC" 

"01/DADMAC" 

"01/DADMAC" 

"01/DEA-EPI" 

"01/DEA-EPI" 

"01/DEA-EPI" 

"01/DEA-EPI" 



Substrate 
TS1000 

SP1000 

TS1000 

SP1000 

TS1000 

SP1000 

TS1000 

SP1000 



Soak 
No 
Yes 
No 
Yes 
No 
Yes 
No 
Yes 
No 
Yes 
No 
Yes 
No 
Yes 
No 
Yes 



CMY 

1.31 

1.33 

1.32 

1.32 

1.52 

1.54 

1.16 

1.13 

1.73 

1.53 

1.37 

0.26 

0.81 

0.60 

0.75 

0.54 



C-100 
1.23 
1.16 
1.23 
1.16 
1.10 
1.04 
0.97 
0.91 
1.13 
0.11 
0.91 
0.14 
0.98 
0.66 
0.92 
0.62 



M-100 
1.24 
1.20 
1.25 
1.19 
1.20 
1.10 
1.28 
1.21 
1.01 
0.17 
1.44 
0.20 
0.85 
0.36 
0.82 
0.35 



Y-100 
0.93 
0.92 
0.93 
0.90 
0.88 
0.84 
0.99 
1.00 
0.82 
0.13 
1.06 
0.15 
0.57 
0.24 
0.55 
0.23 



K-100 
1.31 
1.33 
1.32 
1.33 
1.55 
1.55 
1.20 
1.15 
1.80 
1.55 
1.58 
0.16 
0.81 
0.59 
0.76 
0.55 
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The "01" coating on either substrate exhibited acceptable 
color density and water resistance and there was no visual 
evidence of color bleed. Based on visual inspection, the 
printed images were crisp and clear. The "01/RDF" coating 
5 also demonstrated acceptable color density and water 

resistance, showing no visual bleed. However, based on visual 
inspection there was a slight "feathering" or blurring of the 
image on the SP1000 substrate. The "01/DADMAC" coating had 
high color density before the soak, but based on visual 
10 inspection, the inks did not completely dry on the surface and 
were almost completely removed from both of the substrates 
during the soak. Further, based on visual inspection, the 
images were not distinct, there was significant color bleed 
and the images were not clear. The "01/DEA-EPI" coating had 
15 low color density on both substrates and the water resistance 
was poor. Based on visual inspection, there was no color 
bleed -and the images were clear but appeared faded. 

The present invention has been described with reference 
to the preferred embodiments. Obvious modifications and 
20 alterations will occur to others upon reading and 

understanding the detailed description. It is intended that 
the invention be construed as including all such modifications 
and alterations insofar as they come within the scope of 
appended claims or the equivalents thereof. 

25 



i 
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In the claims. 

1. An ink recordable substrate coating composition 
having a pH less than 7 comprising: 

5 (a) an aqueous polyurethane dispersion; and 

(b) an aqueous solution of a nitrogen containing 
polymeric dye fixative compound. 

2. The ink recordable substrate coating composition of 
10 claim 1 wherein the polyurethane is selected from the group 

consisting of anionic polyurethanes, cationic polyurethanes, 
nonionic polyurethanes and mixtures thereof. , 

3. The ink recordable substrate coating composition of 
15 claim 2 wherein the aqueous anionic polyurethane dispersion 

comprises one or more anionic polyurethanes selected from the 
group consisting of aromatic polyether polyurethanes, 
aliphatic polyether polyurethanes, aromatic polyester 
polyurethanes, aliphatic polyester polyurethanes, aromatic 
20 polycaprolactam polyurethanes, and aliphatic polycaprolactam 
polyurethanes . 

4. The ink recordable substrate coating composition of 
claim 2 wherein the aqueous anionic polyurethane has one or 

25 more acid groups selected from the group consisting of 
carboxylic acid, sulfonic acid and mixtures thereof. 

5. The ink recordable substrate coating composition of 
claim 1 wherein the aqueous solution of a nitrogen containing 

30 polymeric dye fixative compound comprises a polymer comprising 
monomer residues derived from one or more nitrogen containing 
* monomers selected from the group consisting of: 
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3 ^ 

R 



CH; 



> 

\ 

/' K- 
R 3 



,2 



T: 



^cr 1 R x 9 



ch 2 Jc: 



H 2 

r3 , and 

^CR 1 R C 
CH 2 CH 2 

/ \ 3 
R* R 



. is selected independently for each ~o»«-- ln 
wnerexn R » sel. cons isting of H and c, to C, 

each structure from the gro p struc ture a divalent 

aiiphatic, * is -^^ir;;; consisting of C, to C 
iinring group selected fro* th g P poly propylene 

aliphatic hydrocarbon, ^f^ 9 ^^ in each 
g lycol; «? i. independently for «"* ° o£ „, c , to Ci , 

structure selected fros .the ^P - - J ^ o£ ^ 
aiiphatic hydrocarbon and a res ^ ^ ^ 

nlt ro,en with epichlorohydr », . « £tom ^ 

consisting of -0- and -W-. *•« 
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group consisting of H and CH 3 ; and X is selected from the group 
consisting of halides and methylsulf ate . 

6. The ink recordable substrate coating composition of 
5 claim 1 wherein the aqueous polyurethane dispersion is present 

at from 10 to 70 percent by weight of the ink recordable 
substrate coating composition and the aqueous solution of a 
nitrogen containing polymeric dye fixative compound is present 
at from 30 to 90 percent by weight of the ink recordable 
10 substrate coating composition. 

7. The ink recordable substrate coating composition of 
claim 5 wherein the nitrogen containing monomer is one or more 
selected from the group consisting of dimethyl aminoethyl 

15 (meth) acrylate, (meth) acryloyloxyethyl trimethyl ammonium 
halides, (meth) acryloyloxyethyl trimethyl ammonium 
methylsulf ate, dimethyl aminopropyl (meth) acrylamide, 
(meth) aery lamidopropyl trimethyl ammonium 
halides, (meth) acrylamidopropyl trimethyl ammonium 

20 methylsulf ate, aminbalkyl (meth) acrylamides where the amine is 
reacted with epichlorohydrin, diallyl amine, methyl diallyl 
amine, and diallyl dimethyl ammonium halides. 

8. The ink recordable substrate coating composition of 
25 claim 3 wherein the anionic polyurethane is one or more 

selected from the group consisting of aromatic polyether 
polyurethanes, aliphatic polyether polyurethanes, aromatic 
polyester polyurethanes, and aliphatic polyester 
polyurethanes. 

30 

9. The ink recordable substrate coating composition of 
claim 1 wherein the total resin solids is from 1 to 35 wt.% 
based on the total weight of the ink recordable substrate 
coating composition. 

35 
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, 0 The ink recordable substrate coating composition of 

the viscosity of the ink recordable substrate 
claim 1 wherein the viscosity 
coating condition is less than 500 cps. 

„ The ink recordable substrate coating composition o t 
claim 1 Prepared by mixing the nitrogen containing polymerrc 
claim P P aqueous polyurethane 

dye fixative compound (b) into rne 4 

dispersion (a) • 

* 12 An inK recordable substrate coating composition 

" nH less than 7 formed by adding (a) an aqueous 
having a pH less "an fixative 

option of a polymeric nitrogen containing dye fixati 
solution of a p anionic polyurethane dispersion 

. /w\ an aqueous anionic F UA y UJ - 
compound .to (b) aq polyurethan es selected from the 

nnmnrisina one or more anionic poxyu 

comprising on no lvether polyurethanes, 

; qroup consisting of aromatic polyetner p y 

^4-Vea^o^- wherein the total lesm 
polyurethanes. . wher ^ recordable 5ubstra te 

" " t -* baS6d ° n th tion a „d the viscosity of the ink recordable 
coating composition and rne 

subs trate coating composition is less than 500 cps. 

13 The ink recordable substrate coating composition of 
13. The in* rtlMtion of a polymeric nitrogen 

15 claim 12 wherein the aqueous solution of a p y> 
25 claim ,. ative comp ound comprises a polymer 

containing dye fxxativ * one Qt mQre nitroge n 

comprising monomer residues derived ronsistina of : 

«r-« elected from the group consisting 
containing monomers selected i 
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H 2 

T 
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H 2 C .CH 2 
^CR 1 R 1 ^ 

tn 2 1:h 2 

R T R 3 

5 wherein R 1 is selected independently for each occurrence in 
each structure from the group consisting of H and Ci to C 3 
aliphatic; R 2 is independently for each structure a divalent 
linking group selected from the group consisting of C 2 to C 2 o 
aliphatic hydrocarbon, polyethylene glycol and polypropylene 

10 glycol; R 3 is independently for each occurrence in each 

structure selected from the group consisting of H, C x to C 22 
aliphatic hydrocarbon and a residue from the reaction of the 
nitrogen with epichlorohydrin; » Z is selected from the group 
consisting of -0- and -NR 4 -, where R 4 is selected from the 
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gr oup consisting of H and CH 3 ; and X is selected from the group 
consisting of halides and methylsulf ate . 

14 The ink recordable substrate coating composition of 
claim 12 wherein the aqueous anionic polyurethane dispersion 
is present at from 10 to 70 percent by weight of the ink 
recordable substrate coating composition and the aqueous 
solution of a nitrogen containing polymeric dye fixative 
compound is present at from 30 to 90 percent by weight of 
, ink recordable substrate coating composition. 

15 The ink recordable substrate coating composition of 
claim 13 wherein the nitrogen containing monomer is one or , 
m ore selected from the group consisting of dimethyl 
5 (meth) aery late, (meth) acryloyloxyethyl trimethyl ammonium 
halides, (meth) acryloyloxyethyl trimethyl ammonium 
methylsulf ate, dimethyl aminopropyl (meth) aery lamide, 
(meth) acrylamidopropyl trimethyl ammonium 
halides, (meth) acrylamidopropyl trimethyl ammonium 
20 methylsulfate, aminoalkyl (meth) acrylamides - 
reacted with epichlorohydrin, diallyl amine, methyl diallyl 
amine, and diallyl dimethyl ammonium halides. 

16 The ink recordable substrate coating composition of 
25 claim 12 wherein the nitrogen containing polymeric dye 
fixative compound is a polyamide amine reacted with 
epichlorohydrin . 

17 The ink recordable substrate coating composition of 
30 claim 12 wherein the anionic polyurethane is one or more 
selected from the group consisting of aromatic polyether 
• polyurethanes, aliphatic polyether polyurethanes, aromatic 
polyester polyurethanes, and aliphatic polyester 
polyurethanes. 



35 
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18. A method of coating an ink recordable substrate 
comprising: 

(a) providing an ink recordable substrate having a 
top surface and a bottom surface; 
5 (b) providing a coating composition having a pH 

less than 7 comprising: 

(i) an aqueous polyurethane dispersion; and 

(ii) an aqueous solution of a nitrogen 
containing polymeric dye fixative compound; 

10 (c) applying the coating composition to at least 

one side of the ink recordable substrate. 

19. The method of claim 18 wherein the ink recordable 
substrate comprises a microporous substrate having a top 

15 surface and a bottom surface and comprising: 

(a) a matrix comprising a polyolefin; 

(b) a finely divided particulate siliceous filler 
distributed throughout the matrix; and 

(p) a network of interconnecting pores 
20 communicating throughout the microporous substrate , said pores 
constituting at least about 35 percent by volume of said 
microporous substrate. 

20. The method of claim 19 wherein the polyolefin 

25 comprises one or both selected from the group consisting of a 
linear high molecular weight polyethylene having an intrinsic 
viscosity of at least 10 deciliters/gram and a linear high 
molecular weight polypropylene having an intrinsic viscosity 
of at least 5 deciliters/gram. 

30 

21. The method of claim 19 wherein the siliceous filler 
constitutes from 50 percent to 90 percent by weight of the 
microporous substrate . 
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10 



15 



20 



22. The method of claim 18 wherein the ink recordable 

substrate has a porosity of not more than 20 r 000 seconds/lOOcc 

* 

air. 

23. The method of claim 18 wherein the polyurethane in 
(b) (i) is selected from the group consisting of anionic 
polyurethanes, cationic polyurethanes, nonionic polyurethanes, 
and mixtures thereof. 

24. The method of claim 23 wherein the aqueous anionic 
polyurethane dispersion comprises one or more anionic 
polyurethanes selected from the group consisting of aromatic 
polyether polyurethanes , aliphatic polyether polyurethanes, 
aromatic polyester polyurethanes, aliphatic polyester 
polyurethanes, aromatic polycaprolactara polyurethanes, and 
aliphatic polycaprolactam polyurethanes. 

25. The method of claim 23 wherein the aqueous anionic 
polyurethane has one or more acid groups selected from the 
group consisting of carboxylic acid, sulfonic acid and 
mixtures thereof. 

26. The method of claim 18 wherein the aqueous solution 
of a nitrogen containing polymeric dye fixative compound 
comprises a polymer comprising monomer residues derived from 
one or more nitrogen containing monomers selected from the 
group consisting of: 



C 




Z 



R 3 N 
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Z* 1 
CH2=C^ 



/ x 



R 3 



H 2 C ^CH 2 
^CR 1 R 1 ^ 




I:h 2 ch 2 



N 

R 3 , and 
H 2 C .CH 2 
^CR 1 R X C^ 



\m 2 I: 



h 2 

R J R 3 

wherein R 1 is selected independently for each occurrence in 
5 each structure from the group consisting of H and C x to C 3 
aliphatic; R 2 is independently for each structure a divalent 
linking group selected from the group consisting of C 2 to C 2 o 
aliphatic hydrocarbon, polyethylene glycol and polypropylene 
glycol; R 3 is independently for each occurrence in each 
10 structure selected from the group consisting of H, Ci to C22 
aliphatic hydrocarbon and a residue from the reaction of the 
nitrogen with epichlorohydrin; Z is selected from the group 
consisting of -O- and -NR 4 -, where R 4 is selected from the 
group consisting of H and CH 3 ; and X is selected from the group 
15 consisting of halides and methyl sulfate. 



27. The method of claim 18 wherein the aqueous 
polyurethane dispersion is present at from 10 to 70 percent by 
weight of the ink recordable substrate coating composition and 
20 the aqueous solution of a nitrogen containing polymeric dye 
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fixative compound is present at from 30 to 90 percent by 
weight of the coating composition. 

28. The method of claim 26 wherein the nitrogen 
5 containing monomer is one or more selected from the group 
consisting of dimethyl aminoethyl (meth) acrylate, 
(meth) acryloyloxyethyl trimethyl ammonium halides, 
(meth) acryloyloxyethyl trimethyl ammonium methylsulfate, 
dimethyl aminopropyl (meth) acrylamide, (meth) aery lamidopropyl 
10 trimethyl ammonium hal ides, (meth) acrylamidopropyl trimethyl 

ammonium methylsulfate, aminoalkyl (meth) acrylamides where the 
amine is reacted with epichlorohydrin, diallyl amine, methyl 
diallyl amine, and diallyl dimethyl ammonium halides. / 

15 29. The method of claim 18 wherein the nitrogen 

containing polymeric dye fixative compound is a polyamide 
amine reacted with epichlorohydrin. 

30. The method of claim 24 wherein the anionic 
20 polyurethane is one or more selected from the group consisting 
of aromatic polyether polyur ethanes, aliphatic polyether 
polyure thanes, aromatic polyester polyurethanes, and aliphatic 
polyester polyurethanes . 

25 31. The method of claim 18 wherein the total resin 

solids is from 1 to 35 wt.% based on the total weight of the 
coating composition. 

32. The method of claim 18 wherein the viscosity of the 
30 coating composition is less than 500 cps. 

33. The method of claim 18 wherein the polyurethane 
(b) (i)is an anionic polyurethane and the coating composition 
is prepared by mixing the nitrogen containing polymeric dye 
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fixative compound (b) (ii) into the aqueous polyurethane 
dispersion (b) (i) . 

34. The method of claim 18 wherein the coating 

5 composition is applied to both sides of the ink recordable 
substrate . 

35. The method of claim 18 wherein the application of 
the coating composition comprises: 

10 (a) applying the coating composition to the ink 

recordable substrate using a method selected from the group 
consisting of flexography, spraying, air knife coating, 
curtain coating, dipping, rod coating, blade coating, gravure, 
reverse roll, roller application, imbibing, size press, 

15 printing, brushing, drawing, slot-die coating, and extrusion; 
and 

(b) drying the coated ink recordable substrate by 
applying a temperature from ambient to 350°F. 

20 36. A coated ink recordable substrate coated using the 

method of claim 18. 

* ■ 

37. A method of coating a microporous substrate 
comprising: 

25 (a) providing a microporous substrate having an 

upper surface and a lower surface comprising: 

(i) a matrix comprising a polyolefin; 

(ii) a finely divided particulate siliceous 
filler distributed throughout the matrix; and 

30 (iii) a network of interconnecting pores 

communicating throughout the microporous substrate, said pores 
constituting at least about 35 percent by volume of said 
microporous substrate; 

(b) providing a coating composition having a pH 

35 less than 7 comprising the product formed by adding, 
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(i) an aqueous solution of a polymeric 
nitrogen containing dye fixative compound to, 

(ii) an aqueous anionic polyurethane 
dispersion comprising one or more anionic polyurethanes 

5 selected from the group consisting of aromatic polyether 
polyurethanes, aliphatic polyether polyurethanes, aromatic 
polyester polyurethanes, aliphatic polyester polyurethanes, 
aromatic polycaprolactam polyurethanes, and aliphatic 
polycaprolactam polyurethanes; wherein the total resin solids 

10 is from 1 to 35 wt.% based on the total weight of the coating 
composition and the viscosity of the coating composition is 
less than 500 cps; and 

(c) applying the coating composition to at least 
one surface of the microporous substrate by, 

15 (i) applying the coating composition to the 

microporous substrate using a method selected from the group 
consisting of flexography, spraying, air knife coating, 
curtain coating, dipping, rod coating, blade coating, gravure, 
reverse roll, roller application, imbibing, size press, 

20 printing, brushing, drawing, slot-die coating, and extrusion; 
and 

(ii) drying the coated ink recordable 
substrate by applying a temperature from ambient to 350°F. 

25 38. The method of claim 37 wherein the aqueous anionic 

polyurethane has one or more acid groups selected from the 
group consisting of carboxylic acid, sulfonic acid and 
mixtures thereof. 

30 39. The method of claim 37 wherein the aqueous solution 

of a polymeric nitrogen containing dye fixative compound 
comprises a polymer comprising monomer residues derived from 
one or more nitrogen containing monomers selected from the 
group consisting of: 

35 
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5 wherein R 1 is selected independently for each occurrence in 
each structure from the group consisting of H and Ci to C 3 
aliphatic; R 2 is independently for each structure a divalent 
linking group selected from the group consisting of C 2 to C 2 o 
aliphatic hydrocarbon, polyethylene glycol and polypropylene 

10 glycol; R 3 is independently for each occurrence in each 

structure selected from the group consisting of H, C x to C 2 2 
aliphatic hydrocarbon and a residue from the reaction of the 
nitrogen with epichlorohydrin; , Z is selected from the group 
consisting of -O- and -NR 4 -, where R 4 is selected from the 
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group consisting of H and CH 3 ; and X is selected from the group 
consisting of halides and methylsulfate. 

40. The method of claim 37 wherein the aqueous anionic 

5 polyurethane dispersion is present at from 10 to 70 percent by 
weight of the coating composition and the aqueous solution of 
a nitrogen containing polymeric dye fixative compound is 
present at from 30 to 90 percent by weight of the coating 
composition, 

10 

41. The method of claim 39 wherein the nitrogen 
containing monomer is one or more selected from the group 
consisting of dimethyl aminoethyl (meth) acrylate, 

(meth) acryloyloxyethyl trimethyl ammonium halides, 
15 (meth) acryloyloxyethyl trimethyl ammonium methylsulf ate, 

dimethyl aminopropyl (meth) acrylamide, (meth) acrylamidopropyl 
trimethyl ammonium halides , (meth) acrylamidopropyl trimethyl 
ammonium methylsulfate, aminoalkyl (meth) aery 1 amides where the 
amine is reacted with epichlorohydrin, diallyl amine, methyl 
20 diallyl amine, and diallyl dimethyl ammonium halides. 

42. The method of claim 37 wherein the nitrogen 
containing polymeric dye fixative compound is a polyamide 
amine reacted with epichlorohydrin. 

25 

43. The method of claim 37 wherein the anionic 
polyurethane is one or more selected from the group consisting 
of aromatic polyether polyurethanes, aliphatic polyether 
polyurethanes, aromatic polyester polyurethanes, and aliphatic 

30 polyester polyurethanes. 

44. The method of claim 37 wherein the polyolefin 
comprises one or both selected from the group consisting of a 
linear high molecular weight polyethylene having an intrinsic 

35 viscosity of at least about 10 deciliters/gram and a linear 
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high molecular weight polypropylene having an intrinsic 
viscosity of at least about 5 deciliters/gram. 

45. The method of claim 37 wherein the siliceous filler 
5 constitutes from 50 percent to 90 percent by weight of the 

microporous substrate . 

46. The method of claim 37 wherein the microporous 
substrate has a porosity of not more than 20,000 seconds/lOOcc 

10 air. 

47. A coated microporous substrate coated using the / 
method of claim 37. 

15 48. A method of coating a microporous substrate 

comprising: 

(a) providing a microporous substrate having 
having an upper surface and a lower surface comprising: 

(i) a matrix comprising a polyolefin; 
20 (ii) a finely divided particulate siliceous 

filler distributed throughout the matrix; and 

(iv) * a network of interconnecting pores 
communicating throughout the microporous substrate, said pores 
constituting at least about 35 percent by volume of said 

25 microporous substrate; 

(b) providing a coating composition having a pH 
less than 7 comprising the product formed by adding, 

(i) an aqueous solution of a polymeric 
nitrogen containing dye fixative compound to, 
30 (ii) an aqueous cationic polyurethane 

dispersion; wherein the total resin solids is from 1 to 35 
wt.% based on the total weight of the coating composition and 
the viscosity of the coating composition is less than 500 cps; 
and 
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(c) applying the coating composition to at least 
one side of the microporous substrate by, 

(i) applying the coating composition to the 
microporous substrate using a method selected from the group 
5 consisting of flexography, spraying, air knife coating, 

curtain coating, dipping, rod coating, blade coating, gravure, 
reverse roll, roller application, imbibing, size press, 
printing, brushing, drawing, slot-die coating, and extrusion; 
and 

10 (ii) drying the coated ink recordable 

substrate by applying a temperature from ambient to 350°F. 

49. The method of claim 48 wherein the aqueous solution 
of a polymeric nitrogen containing dye fixative compound 
15 comprises a polymer comprising monomer residues derived from 
one or more nitrogen containing monomers selected from the 
group consisting of: 



20 
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wherein R l is selected independently for each occurrence in 
each structure from the group consisting of H and C x to C 3 

5 aliphatic; R 2 is independently for each structure a divalent 
linking group selected from the group consisting of C 2 to C 2 o 
aliphatic hydrocarbon, polyethylene glycol and polypropylene 
glycol; R 3 is independently for each occurrence in each 
structure selected from the group consisting of H, C x to C 22 

10 aliphatic hydrocarbon and a residue from the reaction of the 
nitrogen with epichlorohydrin; Z is selected from the group 
consisting of -O- and -NR 4 -, where R* is selected from the 
group consisting of H and CH 3 ; and X is selected from the group 
consisting of halides and methylsulfate . 



50. The method of claim 48 wherein the aqueous cationic 
polyurethane dispersion is present at from 10 to 70 percent by 
weight of the coating composition and the aqueous solution of 
a nitrogen containing polymeric dye fixative compound is 

20 present at from 30 to 90 percent by weight of the coating 
composition. 

51. The method of claim 49 wherein the nitrogen 
containing monomer is one or more selected from the group 

25 consisting of dimethyl aminoethyl (meth) acrylate, 
(meth) acryloyloxyethyl trimethyl ammonium halides , 
(meth) acryloyloxyethyl trimethyl ammonium methylsulfate # 
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dimethyl aminopropyl (meth) acrylamide, (meth, acrylamidopropyl 
trimethyl ammonium halides, (meth) acrylamidopropyl trimethyl 
ammonium methylsulfate, aminoalKyl (meth) acrylamides where the 
amine is reacted with epichlorohydrin, diallyl amine, methyl 
i diallyl amine, and diallyl dimethyl ammonium halxdes. 

52 The method of claim 48 wherein the nitrogen 
containing polymeric dye fixative compound is a polyamide 
amine reacted with epichlorohydrin. 

* 

0 _ _ . 

53 The method of claim 48 wherein the polyolefm 

comprises one or both selected from the group consisting of a 
linear high molecular weight polyethylene having an intrinsic < 
viscosity of at least about 10 deciliters/gram and a linear 
15 high molecular weight polypropylene having an intrinsic 
viscosity of at least about 5 deciliters/gram. 

54 The method of claim 48 wherein the siliceous filler 
constitutes from 50 percent to 90 percent by weight of the 

20 microporous substrate. 

55 The method of claim 48 wherein the microporous 
substrate has a porosity of not more than 20.000 seconds/lOOcc 



air. 



25 



30 



56. A coated microporous substrate coated using the 
method of claim 48. 

57. A coated microporous substrate comprising: 
(a) a microporous substrate having an upper 

surface and a lower surface comprising: 

(i) a matrix comprising a polyolefm; 

(ii) a finely' divided particulate siliceous 

filler distributed throughout the matrix; and 
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(iii) a network of interconnecting pores 
communicating throughout the microporous substrate, said pores 
constituting at least about 35 percent by volume of said 

microporous substrate; and 

(b) a coating layer on at least one surface of the 
microporous substrate, said coating layer comprising: 

(i) a polymeric nitrogen containing dye 

fixative compound; and 

(ii) one or more polyure thanes selected from 

the group consisting of anionic polyurethanes, cationic 
polyurethanes, nonionic polyurethanes, and mixtures thereof. 

58. The coated microporous substrate of claim 57 wherein 
the polyurethane is an anionic polyure thane, and the aqueous 
anionic polyurethane has one or more acid groups selected from 
the group consisting of carboxylic acid, sulfonic acid and 
mixtures thereof. 

59. The coated microporous substrate of claim 57 wherein 
the polymeric nitrogen containing dye fixative compound 
comprises a polymer comprising monomer residues derived from 
one or more nitrogen containing monomers selected from the 
group consisting of: 

CH 2 =C^ 

< 

R N 



25 



R 3 
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/ 

CH 2 =C 



R 1 



/ 



T: 



X" 
R 3 



^CR 1 R Cr^ 



CH 2 



Lh 2 J»2 



r3 , and 
H 2 C - ^ CH2 

tH 2 CH 2 

R R ' ■ 

^ • ^.n^ndentlv for each occurrence in 
^ «j„ oi is selected independently 
wherein R - sele consisting of H and d to C 3 

each structure from the gro P structute a divalent 

aliphatic; R 2 is independently for each 

link ing .roup selected fro* . the ^^^Jj^ 
aliphatic hydrocarbon, ^ ttyl ~ ^ in each 

olveol- R 3 is independently for each occurrence i 
glycol, R * consisting of H, C x .to C„ 

structure selected from the group ^ ^ ^ 

aliphatic hydrocarbon and ares d 

<<-™ fle n with epichlorohydrxn; Z is selected 
nitrogen with p r4 ^ geiected from the 

consisting of -O- and « . ^ f ^ ^ group 

group consisting of H and CH„ ana x 

consisting of halides and methylsulf ate . 

^ , rt -F riaim 57 wherein 

60 The coated microporous substrate of claim * 

*t from 10 to 70 percent by weight 
. the polyurethane is present at from 10 polyme ric dye 

aHn . laver and the nitrogen containing poxy 
o£ the coating layer ^ ^ fey 

fixative compound is present 

weight of the coating layer. 



•A 

— 

PCT/US02/24257 



- 51 - 



WO 03/011608 



10 



30 



61. The coated microporous substrate of claim 59 wherein 
the nitrogen containing monomer is one or more selected from 
the group consisting of dimethyl aminoethyl (meth) acrylate, 
(meth) acryloyloxyethyl trimethyl ammonium halides, 
(meth) acryloyloxyethyl trimethyl ammonium methylsulfate, 
dimethyl aminopropyl (meth) acrylamide, (meth) acrylamidopropyl 
trimethyl ammonium halides, (meth) acrylamidopropyl trimethyl 
ammonium methylsulfate, aminoalkyl (meth) acrylamide s where the 
amine is reacted with epichlorohydrin, diallyl amine, methyl 
diallyl amine, and diallyl dimethyl ammonium halides. 



62. The coated microporous substrate of claim 57 wherein 
the nitrogen containing polymeric dye fixative compound is a 

15 polyamide amine reacted with epichlorohydrin. 

63. • The coated microporous substrate of claim 58 wherein 
the anionic polyurethane is one or more selected from the 
group consisting of aromatic polyether polyurethanes, 

20 aliphatic polyether polyurethanes, aromatic polyester 
polyurethanes, and aliphatic polyester polyurethanes. 

64. The coated microporous substrate of claim 57 wherein 
the polyolefin comprises one or both selected from the group 

25 consisting of a linear high molecular weight polyethylene 
having an intrinsic viscosity of at least about 10 
deciliters/gram and a linear high molecular weight 
polypropylene having an intrinsic viscosity of at least about 
5 deciliters/gram. 



65. The coated microporous substrate of claim 57 wherein 
the siliceous filler constitutes from 50 percent to 90 percent 
by weight of the microporous substrate. 
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66. The coated microporous substrate of claim 57 wherein 
the coating layer penetrates into at least the first 1 micron 
of the surface of the microporous substrate. 

67. The coated microporous substrate of claim 57 wherein 
the microporous substrate has a thickness of from 0.5 to 100 
mils . 

68 . The coated microporous substrate of claim 57 wherein 
the coat weight is- from 0.001 g/m 2 to 50 g/m 2 . 



69. The coated microporous substrate of claim 57 wherein 
the microporous substrate (a) has a porosity of not more than 
20,000 seconds/lOOcc air. 
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